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Adjacentareaswithin a 60-year-oldAbies balsamea (L.) Mill. — Betula papyrifera Marsh. standin northernMinnesota,
U.S.A., wereclear-cutby whole-treeloggingor tree-lengthloggingfollqwedby prescribedburning.Two yearsafterharvest,
understorybiomass and nutrients were sampledon thesesites and on an adjoining uncut control. All logged sites had
significantly more total abovegroundunderstorybiomassthan the control. However, biomassof woody specieson the
tree-lengthloggedburn areadid not differ from the control site. Becauseof the greaterbiomasson harvestedsites,nutrient
accumulations(N, F, K, Ca,Mg) by theunderstoryweregreater,with about75%of theseextranutrientsin herbsand shrubs.
Although thequanti of nutrientsin the understoryis lessthan that-emovedwith the overstory~at-ismp anL nma nLunn~
the nutritional integrity of the systembecauseit servesas a sink for availablenutrients.
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Dessurfacesadjacentesdansun peuplementAbiesbalsamea (L.) Mill. — Betula papyrifera Marsh. de60 ansdu norddu
Minnesotafurentcoup~es~ blanc selonIa m~thodede l’arbre entierou del’arbre er~ longueursuiviesd’une prescriptionde
br~lage. Deuxans apr~s Ia coupeIabiomassedu sous-boiset lesnutrients furent~chantillonn~essurcessiteset suruneparcelle
t~moin. Tousles sitesexploit~s avaientunebiomasseau-dessusdu sol plusAmportantezr~isei1a.parce]1et~moin. Cependant,Ia
biomassedesesp~cesligneusessur les sitesexploit6s selonIa m~thodede l~arbreenlongueuret brul~s nediffrrait pasde Ia
parcellet~moin. En raisond~un biomasseplus importantesurles sites coup~s, les accumulationde nutrients(N, F, K, Ca,
Mg) dans le sous-bois~taient sup~rieursavec environ 75% de cesnutrients suppkmentairesprovenantdesherbeset des
arbustes.Maine si Ia quantitade nutrientsdans le sous-boisestmoindreque celle obtenueavec l’~tage sup~rieur dIe est
importantedansle maintientde l’int~grit~ de Ianutrition du systameparcequ’elle sertdedrainpour les nutrientsdisponibles.

[Traduit par Ic journal]

Introduction
Two commondisturbancesin forest ecosystemsare

clear-cuttingandfire. Theseare importantecologically
becausethey affect speciescomposition and growth,
andfuture productivity. The questionof futureproduc-
tivity hasbecomeof greaterconcern in recentyears,
and utilization standardshavechanged. As a result,
technologicalinnovationshavemadeit possible to use
small materialandpartsof treesbesidesthebole, such
as bark, branches,androots. Therefore,muchmoreof
thestanding-cropbiomassand,consequently,moreof
theaccumulatednutrients,are removedduring harvest
operations.

This study assessesthe effectsof clear-cuttingand
clear-cutting followed by prescribed burning on the
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productivity andnutrientstatusof the understoryof a
mixed standof balsam fir — paperbirch (Abies bal-
samea (L.) Mill. — Betulapapyr(fera Marsh.) innorth-
em Minnesota.The importanceof the understoryin
forest ecosystemsfor nutrientcycling andmaintenance
of site productivity after overstory removal has been
demonstratedat HubbardBrook (Marks andBormann
1972; Bormannet al. 1974; Marks 1974). Tappeiner
and AIm (1975) haveshown that the understorycan
significantly affect nutrient cycling in forest standsin
the regionof this studyby increasingnutrientquantities
in litter fall.

Studyarea

Thestudywasdoneon the University of Minnesota’s
Cloquet ForestryCenter, located about 17 km south-
west of Duluth, MN (latitude 46~43’ N, longitude
92~29’ W). This arealies within Kuhler’s(1964)Great
Lakesspruce—firforestvegetationzone.Theclimate is
subhumid continental, with long, cold winters and
short, warm summers.The average temperatureis
—130C for Januaryand 190C for August (Baker and
Strub 1965).The averageyearlyprecipitation is 73 cm
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TABLE I. Biomassandnutrients(in kilograms perhectare)of the understorytwo
growing seasonsafter treatment

Component

Treatment

Whole-tree

logged

Tree-length Uncut

loggedand burned control
Biomass

Herbaceousspp.
Woody spp.

1969 (293)a
2212 (58l)a

2081 (240)a 622 ( 85)b
523 (298)b 320 (108)b

Total
Nitrogen

Herbaceousspp.
Woodyspp.

4181 (539)a

25.0(3.3)a
25.3 (5.4)a

2604 (352W 942 (136)b

28.8(2.6)a 8.9(l.l)b
7.6 (4.4)b 2.0 (0.5)b

Total
Phosphorus

Herbaceousspp.
Woodyspp.

50.3(5.0W

4.5 (0.7)a
3.4 (0.8)a

36.4 (5.5)b 10.1 (1.2W

4.9 (0.5W 1.3 (0.2)b
0.9 (0.5W 0.4 (0.1W

Total
Potassium

Herbaceousspp.
Woody spp.

7.9 (0.8W

45.4 (7.7W
18.8 (4.2W

5.8 (0.8W 1.7 (0.2W

50.9 (5.9W 11.2 (1.1W
4.5 (2.5W 1.9 (0.5W

Total
Calcium

Herbaceousspp.
Woodyspp.

64.3 (7.0W

20.1 (3.0W
22.7 (6.3W

55.4 (6.4W 13.1 (1.1W

17.9 (3.2W 5.3 (1.4W
3.8 (2.2W 2.3 (0.7W

Total
Magnesium

Herbaceousspp.
\51oo~Ay spp.

42.8(6.0W

4.2 (0.6W
3.5 (0.?~)Q

21.7(3.6W 7.6(1.6W

4.3 (0.6W 1.0 (0.2W
£i.~ IAY5)b 0.3 (OAW

Total 7.7 (0.8W 5.2 (0.7W 1.3 (0.2W

row fottowedby thesameteller do notdifferNOTE: Standarderrorsaregivenin parentheses.Meansin a
tevet.s~gnificanityat the 0.05

with a Junemaximumanda Februaryminimum (Baker
eral. 1967).

The standon the studysite waspredominatelybal-
samfir andpaperbirch with scatteredred maple(Acer
rubrum L.), quaking aspen (Populus tremuloides
Michx.), white spruce(Picea glauca (Moench)Voss),
andwhitepine(PinusstrobusL.). Total basalareawas
19.6 in2Jlm, with balsamfii accountingior J IWo and
paperbirch 15%. There were 949 trees/ha,of which
75% werebalsamfir. Averagediameterat breastheight
(dbh)for both balsamfir andpaperbirch was 15.7 cm.
Site index for balsamfir was 18 m (50-yearbaseage).
A semiquantitativesurveyof theareaindicatedthat the
compositionand density of overstory and the under-
story werequiteuniform throughoutthestand.

The site is located on a glacial outwash plain of
Omegaloamy sand(frigid Spodic Udipsamment).It is
an excessivelydrainedsoil with low moisture-holding
capacityand low organicmattercontent.The pH of the
solumrangesfrom 4.5 to 5.5 (Soil ConservationSer-
vice 1978).

The site wasdivided into threecutting areasof about
0.8 ha eachandan uncut control of about0.6ha.The
treatmentswere as follows: whole-treelogging (winter
1974—1975),whole-treelogging (spring 1975), tree-
length logging (winter 1974—1975)followed by apre-
scribedburn (July 1975), and an uncut control. For
whole-treelogging, treesarefelled andskiddedintact
to a landing ~or processing;~or tree-length logging,
treesarefelled, limbed,andtoppedon site, andthen the
bole is skiddedto thelanding (Zasada1971). The log-
ging operationwasatotal clear-cutwith all stemslarger
than 2.54 cm dbh felled. The unmerchantablestems
were left in placeon the site.

On the day of theprescribedfire, thebuild-up index
(a measureof fuel dryness)(Nelson 1964),washighat
26. Whenthe burnwas startedthehumidity was45%,
temperature310C, and the wind from the southwestat
19 km/h with guststo 48 km/h.4

4Pcrsotxatcotusrmo.icatiot\with 0. A. AAt~, U~xi’~e.~s.it’j ~(
Minnesota,CloquetForestryCenter, Cloquet,MN.
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Field
A 10-inbuffer strip wasestablishedaroundclear-cutareas

to minimize edgeeffects. At the endof the secondgrowing
seasonafter logging, all abovegroundunderstoryvegetation
wasclipped andcollectedfrom 10 randomly locatedcircular
plots(0.88 in

2) within eacharea.The understorywas defined
asherbaceousplantsplus all woodysternslessthan 2.54cm
dbh. Woody speciesthat commonly reacha height greater
than 50 cm (tall shrubs and trees)were separated,but the
minor specieswere bulked. The plots on harvestedsites
included very few if any plants from the understorywhich
existedprior to logging, becausevirtually all of it had been
destroyedduring treatment.

Laboratory
After collection,all vegetationwasoven-driedat 650Cand

weighed.The materialwasgroundin aWiley mill to passa
20-meshscreen,mixed, anda subsamplewastaken to deter-
mine nitrogen by the Kjeldahl method. Another subsample
wasdry ashedanddissolvedin Li—HCI solution. Thissolu-
tion wasanalyzedon aJarrel-AshDirect ReadingSparkEmis-
sion Spectrographfor concentrationsof phosphorus,potas-
siuin, calcium,and magnesium.All chemical analyseswere
done by theResearchAnalytical Laboratory,Departmentof
Soil Science,Universityof Minnesota.

Resultsanddiscussion

Biomass
Therewereno significantdifferences(0.05 level) in

understorybiomass or nutrients betweenwinter and
spring whole-treeloggedsites;therefore,thedatawere
combined. After two growing seasons,biomassof
herbsand thetotal understorywas sign~ficantlygreater
on all clear-cutareasthan on thecontrol (Table 1). The
whole-tree logging treatmentshad more biomass in
woodyunderstoryspecies,but on thetree-lengthlogged
burn areawoody specieswereat uncutcontrol levels.

Two growing seasonsafter treatment, the total
abovegroundbiomasson theclear-cut sites, 4181 and
2604 kg/ha for whole-tree logged and tree-length
logged burn sitesrespectively,was only a fraction of
theestimated144000kg/hathatwason theareabefore
harvest(Shannon1976). However, theannualabove-
ground net primary production (NPP = herbaceous
species+ woody speciesleaves±one-halfof woody
biomass)of 3500 and 2450 kg/hafor the whole-tree
loggedand tree-lengthlogged burn sites respectively,
is nearthe 3900 kg/hareportedby Baskerville(1965)
for a 40-year-oldbalsamfir standin New Brunswick,
Canada.Thus, it is apparentthat theunderstoryvegeta-
tion res nded quickly to the incre~se in available
resources.

The preharve:tsurveyshoweda s~tes to havevery
similar understories(Outcalt and White 1981). AIm
(1971) has reportedno differences in the number or
averageheightof shrubs2 yearsafterharvestby whole-
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TABLE 2. Extraquantity (in kilogramsperhectare)of under-
story nutrientsovercontrol levels two growing seasonsafter

treatment

Treatmen

Coinponent*

Nitrogen
Herbs and shrubs
Tree spp.

Total
Phosphorus

Herbsand shrubs
Tree spp.

Total
Potassium

Herbsand shrubs
Tree spp.

Total
Calcium

Herbsand shrubs
Tree spp.

Total
Magnesium

Herbsand shrubs
Tree spp.

Total

Whole-tree Tree-length
logged loggedandburned

25.0
15.2

40.2

4.2
2.0

6.2

40.0
11.2

51.2

22.1
13.1

35.2

4.5

1.9

6.4

18.8
7.5

26.3

3.2
0.9

4.1

37.8
4.5

42.3

10.3
3.7

14.0

3.0
0.9

3.9

4Trees are those woody speciesthat commonly grow taller than i m. All
other woody specieswere classedas shrubs.

tree and tree-length logging methods.Thus, the pre-
scribed burn likely decreasedthe initial understory
responseon the tree-length logged site by reducing
woody speciesproduction. This reductionof woody
speciesdue to burning has been reported by others
(Steen 1966; Buckman 1964; Morris 1970).

Nutrients
Betweentreatments,differencesin the quantitiesof

understorynutrientscorrespondedquite closely to dif-
ferencesin biomass.All loggedareascontainedmore
N, P, K, Ca,andMg in herbaceousspeciesandthe total
understorythan did theuncut control (Table 1). There
wereno differencesin thequantitiesof thefive nutrients
within woody understory speciesbetween the tree-
length logged burn treatment and the control. The
woody understoryspecieson whole-treelogged sites,
however,containedsignificantly moreN, Ca,andMg
thaneitherthe tree-lengthloggedburnor control treat-
ments. The tree-length logged burn areaalso had less
total understoryN thandid the whole-treeloggedareas.

Regrowth vegetationcan serve as an effective sink
for nutrients releasedby disturbanceto forest stands
(OhmannandGrigal 1979). Thecaptureof nutrientsby
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the understory in this study can be calculatedas the
differencebetweennutrient quantities on logged and
control sites. This is based on the assumptionthat all
sites had the samepreharvest understory, as was indi-
cated by the preharvestsurvey (Outcalt and White
1981).

Although the quantities accumulated(Table 2) are
small compared with nutrients containedin theformer
overstory (10—20%), or in relation to the total nutrient
budgetof the site, they may be quite significant because
about 75% are contained in herbs and shrubs that
gradually die back to previous levels as succession
continues.Thus, the understory canplay a vital part by
serving as a “sink” for available nutrients while the
nextcropof treesis becomingestablishedandgradually
releasingthem back into the system as the overstory
closesandshadesout theherbsandshrubs.
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